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WIRELESS COMMUNICATION SYSTEM AND METHOD 
BACKGROUND OF THE INVENTION 



[01] This application claims the priority of Korean Patent Application No. 
2003-11125, filed on February 21, 2003, in the Korean Intellectual Property 
Office, the disclosure of which is incorporated herein in its entirety by 
reference. 

1. Field of the Invention 

[ 02 ] The present invention relates to a short-range wireless communication 
system and method, and more particularly to wireless communication system 
and method capable of securing both a high throughput and fairness among 
wireless communication devices when one wireless communication device 
receives and transmits data from and to a plurality of wireless communication 
devices. 

2. Description of the Prior Art 

[ 03 ] The Bluetooth system is generally used for short-range wireless 
communication systems. The Bluetooth refers to a code for a short-range 
wireless data communication technology over all the electric communications, 
networking, computing, and consumables sectors. The Bluetooth technology 
replaces a plurality of cable connections necessary among devices, using one 
wireless connection in a short range. 




[04] A short-range wireless communication system such as the Bluetooth 
system uses a time division duplex (TDD) to perform bi-directional 
communications between the master and slaves by one hopping slot (625ps = 
1/1600 seconds) basically. 

[05] The round-robin polling scheme and the queue state dependent packet 
scheduling algorithm are used for the TDD polling schemes employed in a 
conventional short-range wireless communication system. 

[06] Fig. 1 is a view for showing a round-robin scheme, and the following 
descriptions are made for a case when data is sent in the round-robin manner 
between one master and three slaves. The round-robin scheduling algorithm 
dictates that, when the master polls a slave, only the polled slave can send data 
to the master. That is, the master can send data at even-numbered slots, and a 
slave can send data at adjacent odd-numbered slots only when the slave is 
polled by the master. The other slaves are prohibited from sending data at the 
slot. In this case, the master sequentially polls slave 1, slave 2, and slave 3, 
and each master-slave pair can receive and send data at a rate corresponding to 
one third of the entire transmission rate by the master polling. 

[07] The round-robin scheme as described above allocates the same 
transmission rate to respective master-slave pairs. However, an amount of 
data to be sent compared to other services becomes less or more according to 
the kinds of application services. In this case, the transmission efficiency 
becomes lowered when the same transmission rate is allocated to all the kinds 
of services. That is, it is possible to allocate a transmission rate lower than a 
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transmission rate necessary for a service for which more data should be sent, 
or, to the contrary, to allocate a transmission rate higher than a transmission 
rate necessary for a service with less data. Therefore, there occurs a problem 
of wasting slots due to POLL-NULL packets when there is no data to be sent. 

[ 08 ] As an alternative to the round robin scheme, there is a queue status 
dependent scheduling algorithm that categorizes classes depending upon link 
utilization degrees of master-slave pairs, assigns priorities to the classes, and 
polls the classes based on the priorities. 

[ 09 ] Fig. 2 is a view for showing a queue status dependent scheduling 
algorithm. In Fig. 2, the queue status dependent packet scheduling method 
exchanges queue status information of master/slave pairs by using reserved 
bits of the packet payload header, and categorizes classes depending upon link 
utilization information of respective master/slave pairs based on the 
exchanges. For example, in Fig. 2 as in the master/slave 1 pair, when the 
number of packets the master is to send to slave 1 is 3 and the number of 
packets the slave 1 is to send to the master is 1, the master/slave 1 pair is 
categorized into class 100%. In the master/slave 2 pair, the number of packets 
to be received and sent is 3, thus the master/slave 2 pair is categorized into 
class 75%, and in the master/slave pair 3, when the number of packets to be 
received and sent is 1, the master/slave pair 3 is categorized into class 50%. 

[10] Priorities are assigned to the respective master/slave pairs based on the 
classes determined in such a manner. Accordingly, in the order of the 
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master/slave 1 pair, master/slave 2 pair, and master/slave 3 pair, each pair has 
an opportunity. 

[ 11 ] The number of times of giving away or taking over data transmission 
opportunities based on the priorities is reflected by additional counters, and a 
counter value difference between the master/slave pair taking over service 
opportunities a maximum number of times and the master/slave pair giving 
away service opportunities a maximum number of times is restrained to a 
specified value K, to thereby secure the fairness. 

[12] However, the queue status dependent packet scheduling method has an 
advantage of maintaining an appropriate fairness for service opportunities 
among respective master/slave pairs while maximizing throughput through the 
priorities, but also has a problem in that it compares counter values between a 
pair having the most frequent service opportunities and a pair having the least 
frequent service opportunities and, if a difference becomes large, restrains any 
further effective scheduling through priorities (that is, it operates in the round- 
robin manner once reaching a K value), and has inconstant performances after 
reaching the K value depending upon whether data traffic characteristics are 
static or dynamic. 

SUMMARY OF THE INVENTION 

[ 13 ] The present invention has been devised to solve the above problem, so 
it is an object of the present invention to provide a wireless communication 
system and method capable of improving wireless communication 
transmission efficiency by changing communication priorities among 



4 




communication devices based on a queue status of data to be received and sent 
when one wireless communication device receives and sends data from and to 
a plurality of external devices. 

[14] In order to achieve the above object, a wireless communication system, 
according to the present invention, includes a queue status detection unit for 
detecting the number of unit data used for communications between a plurality 
of external devices, and deciding a class parameter T of an external device; a 
counter for counting the number of giving-away times of the external device 
based on the giving-away of communication opportunities to communicate 
with the plurality of external devices, and deciding a delay parameter D of the 
external device; a communication priority decision unit for calculating priority 
values P related to the external device by using the class parameter and the 
delay parameter, and deciding an external device having the highest priority 
out of the plurality of external devices based on the priority values; and a 
communication initiation unit for initiating data communications with the 
decided external device having the priority. 

[15] The communication priority decision unit calculates the priority values 
based on the following Formula: 

P=oT + (l-a)D 

where a denotes a weighted value, T is a class parameter, and D is a 
delay parameter. 

[16] The wireless communication system further comprises a comparison 
unit for comparing a maximum priority value with a priority value of a first 
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external device and the priority values of a plurality of external devices, 
wherein, when the priority value of the first external device is smaller than the 
maximum priority value, the communication priority decision unit decides that 
a second external device has the maximum priority value, and has an 
opportunity for transmission, and the communication initiation unit initiates 
communication with the second external device. 

[17] When initiating communications with the second external device, the 
queue status detection unit detects the amount of data communicating with the 
second external device, and changes the class parameter of the second external 
device, and the counter decreases the number of giving-away times of the 
second external device and increases the number of giving-away times of the 
first external device so as to change delay parameters of the first and second 
external devices. 

[18] Accordingly, the communication priority decision unit updates the 
priority values of the first and second external devices by using the changed 
class parameter and delay parameters. 

[19] If a priority value of the first external device equals the maximum 
priority value, the communication priority decision unit determines that the 
first external device is an external device that has an opportunity for 
transmission, and the communication initiation unit initiates communications 
with the first external device. 

[20] When initiating communications with the first external device, the 
queue status detection unit detects the amount of data communicating with the 
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first external device, and changes the class parameter of the first external 
device, and the communication priority decision unit updates the priority value 
of the first external device by using the changed class parameter. 

[21] In the meantime, a wireless communication method comprises steps of 
detecting the amount of unit data being transmitted to/from the plurality of 
external devices by an external device, and determining a class parameter of 
the external device; counting the number of giving-away times of the external 
device based on the giving-away of communication opportunities to 
communicate with the plurality of external devices, and determining a delay 
parameter of the external device; calculating priority values P of the external 
device by using the class parameter and the delay parameter, and determining 
an external device having a priority out of the plural external device based on 
the priority values; and initiating data communications with the determined 
external device having the highest priority. 

[22] The wireless communication method further comprises a comparison 
step for comparing a maximum priority value with a priority value of a first 
external device and the priority values of the plurality of external devices, 
wherein, when the priority value of the first external device is smaller than the 
maximum priority value, the external device priority decision step determines 
that a second external device has the maximum priority value, and has an 
opportunity for transmission, and the communication initiation step initiates 
communication with the second external device. 
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[23] When initiating communications with the second external device, the 
class parameter decision step detects the amount of data being transmitted to 
and from the second external device, and changes the class parameter of the 
second external device, and the delay parameter decision step decreases the 
number of giving-away times of the second external device and increases the 
number of giving-away times of the first external device so as to change delay 
parameters of the first and second external devices. 

[24] The external device priority decision step updates the priority values of 
the first and second external devices by using the changed class parameter and 
delay parameters. 

[25] If a priority value of the first external device is equal to the maximum 
priority value, the external device priority decision step determines that the 
first external device is an external device that has an opportunity for 
transmission, and the communication initiation step initiates communications 
with the first external device. 

[26] When initiating communications with the first external device, the 
class parameter decision step detects the amount of data being transmitted to 
and from the first external device, and changes the class parameter of the first 
external device, and the external device priority decision step updates the 
priority value of the first external device by using the changed class parameter. 

[27] Accordingly, the present invention has an effect of preventing 
unnecessary transmission rate allocations that occur by uniformly allocating 
the same transmission rate to every master/slave pair as in the round-robin 
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manner, and overcomes the complexity of a scheme using performance 
restraints and the fairness security related to a specific master/slave pair, in the 
queue status dependent packet scheduling method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[28] The invention will be described in detail with reference to the 
following drawings in which like reference numerals refer to like elements, 
and wherein: 

[29] Fig. 1 is a view for conceptually showing a general round-robin 
scheme; 

[30] Fig. 2 is a view for conceptually showing a queue status dependent 
packet scheduling scheme; 

[31] Fig. 3 is a view for showing a standard packet format; 

[32] Fig. 4 is a block diagram for schematically showing a wireless 
communication system according to an embodiment of the present invention; 

[33] Fig. 5 is a view for explaining a communication method applied to Fig. 
4; 

[34] Fig. 6 is a flow chart for showing a wireless communication method 
according to an embodiment of the present invention; 

[35] Fig. 7A and Fig. 7B are views for showing simulation results with 
respect to throughput and variance in case of large class changes; and 

[36] Fig. 8A and Fig. 8B are views for showing simulation results with 
respect to throughput and variance in case of small class changes. 
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DFTATT F.D DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[37] Hereinafter, the present invention will be described in detail with 
reference to the accompanying drawings. 

[38] Fig. 3 is a view for showing a standard packet format. Data is received 
and sent by packet among he master and slaves in a piconet. In Fig. 3, a 
packet consists of three objects, that is, an access code, a header, and a 
payload, in general. Packets of the other formats may have an access code 
only, or an access code and a header. 

[39] The packet begins with the access code. If a header comes after the 
access code, the access code has a 72-bit length, and, if a header does not 
come after the access code, the access code has a 68-bit length. The access 
code identifies all packets being exchanged through channels in a piconet. 

[40] The header includes link controller (LC) information, and consists of 
six fields, that is, AM_ADDR (Active Member Address), TYPE, FLOW, 
ARQN (Automatic Repeat request Number), SEQN (Sequential Numbering 
scheme), and HEC (Header-Error-Check). 

[41] The AM_ADDR identifies active members taking part in a piconet 
when a plurality of slaves are connected to one master. The TYPE determines 
which of a Synchronous Connection Oriented Link (SCO) packet or an 
Asynchronous Connection Link (ACL) packet is sent. Further, the TYPE may 
determine whether packets are received in the SCO packet type or the ACL 
packet type. The FLOW is used to control packet flows for the ACL link. If 
successfully received, an acknowledge (ACK, ARQN=1) returns, and, if not, a 
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NAK (NRQN=0) returns. The SEQN provides a consecutive numbering 
method for data packet streams. The HEC checks the completeness of the 
header. 

[ 42 ] The payload is divided into a synchronous voice field and an 
asynchronous data field, and the ACL packet has a data field only, and the 
SCO packet has a voice field only. The payload is provided with a payload 
header. The payload header has information on a payload length. 

[ 43 ] Fig. 4 is a view for schematically showing a short-range wireless 
communication system structured in a piconet, according to an embodiment of 
the present invention. Wireless communication systems 40a, 40b, 40c, and 
40d each have a queue status detection unit 41, a counter 43, a communication 
priority decision unit 45, a comparison unit 47, and a communication initiation 
unit 49. 

[ 44 ] The queue status detection unit 41 detects a queue status provided in 
data based an packets being received and sent from and to the plurality of 
different wireless communication systems 40b, 40c, and 40d, which operate as 
slaves. In here, the queue status is exchanged by using a reserved bit of the 
payload header of a packet. The queue refers to data streams waiting in a 
buffer for processing, and the queue status information refers to status 
information on waiting data streams; that is, queue status information can be 
information on the length of the waiting data. 

[ 45 ] The counter 43 counts the numbers of times Dl, D2, and D3 that 
individual maser/slave pairs detected by the queue status detection unit 41, 
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have given away or taken over data transmission opportunities based on the 
queue status dependent packet scheduling method. For example, the master 
40a communicates with the slave 1 40b, slave 2 40c, and slave 3 40d in order, 
in the round-robin manner. When priorities based on the queue status 
dependent packet scheduling method are assigned to master 40a/slave 2 40c 
pair, master 40a and slave 1 40b pair, and master 40a/slave 3 40d in order, as 
shown in Fig. 5, the master 40a/slave 2 40c pair of class 100% communicates 
data with each other, and then the master 40a/slave 1 40b pair of class 75% 
communicates data with each other in the queue status dependent packet 
scheduling method. At this time, in the round-robin polling manner, the 
master 40a/slave 2 40c pair communicates data with each other, and then the 
master 40a/slave 3 40d pair communicates data with each other. However, in 
this case, if the master 40a communicates data with the slave 1 40b instead of 
the slave 3 40d, the master 40a/slave 3 40d pair gives away a communication 
opportunity, and the master 40a/slave 1 40b takes over a communication 
opportunity. Accordingly, a D3 value of the master 40a/slave 3 40d pair 
becomes 1, and a D1 value of the master 40a/slave 1 40b pair becomes -1. 

[46] The communication priority decision unit 45 decides an order of 
communication of the respective master 40a/slaves 40b, 40c, and 40d pairs 
based on the queue statuses of the master 40a/slave 40b, 40c, and 40d pairs 
detected in the queue status detection unit 41 and the numbers of times Dl, 
D2, and D3 of giving away and taking over communication opportunities. 
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The order of communication is decided according to sizes of priority values 
PI, P2, and P3 calculated in Formula 1, as shown below. 

[Formula 1] 

P - dT + (1-aD), 

where a parameter T corresponds to class, for example, 100%, 75%, 
and 50%, decided based on a queue status of a master/slave pair detected by 
the queue status detection unit 41, which will be referred to as a “class 
parameter” hereinafter. A parameter D corresponds to the number of times of 
the counter 43, for each master/slave pair, has given away communication 
opportunities, which will be referred to as a “delay parameter”. The a is a 
parameter representing a weighted value for the parameters T and D with 
respect to a system performance. That is, if the a is small, the order of 
communication is assigned in further consideration of the performance with 
respect to delay and fairness. 

[47] The comparison unit 47 compares a priority value P of a master/slave 
pair currently communicating data at the maximum priority value of all the 
master/slave pairs. 

[48] The communication initiation unit 49 initiates communications of the 
master/slave pairs in the descending order of the priority values PI, P2, and P3 
decided by the communication priority decision unit 45. 

[49] Fig. 6 is a flow chart for showing a wireless communication method 
according to an embodiment of the present invention, and Fig. 5 is a view for 
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communicating data in the queue status dependent packet scheduling method. 
The present invention will be described in detail with reference to the 
accompanying drawings. 

[ 50 ] First, the queue status detection unit 41 of the master 40a detects a 
queue status of each master/slave pair and decides a class. For example, the 
master 40a detects the number of packets, for example, three packets in Fig. 5, 
that is to be sent to the slave 1 40b, and, at the same time, requests of the slave 
1 40b queue status information on the number of packets, for example, one 
packet in Fig. 5, that is to be sent to the master 40a. In the above manner, the 
queue status detection unit 41 detects a queue status of each master/slave pair, 
and decides parameters Tl, T2, and T3 corresponding to the detected queue 
status. For example, as shown in Fig. 5, classes for master 40a/slave 1 40b, 
master 40a/slave 2 40c, and master 40a/slave 3 40d pairs become 100%, 75%, 
and 50% respectively, and the Tl, T2, and T3 values are decided, accordingly. 

[ 51 ] Further, based on the queue status dependent packet scheduling 
method, the counter 43 counts the numbers of times that communication 
opportunities have been given away or taken over among the master 40a/slave 
1 40b, master 40a/slave 2 40c, and master 40a/slave 3 40d pairs, to decide the 
delay parameters Dl, D2, and D3 for the respective master/slave pairs. 

[ 52 ] As discussed above, by using the class parameter T in view of the 
throughput obtained by the queue status detection unit 41 and the counter 43 
and the delay parameter D in view of fairness, the priority value P is 
calculated for the respective master/slave pairs based on Formula 1. That is. 
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the priority values PI, P2, and P3 are calculated for the master 40a/slave 1 
40b, master 40a/slave 2 40c, and master 40a/slave 3 40d pairs. 

[ 53 ] With an exemplary case of P1>P2>P3, where the calculated priority 
values are PI, P2, and P3, descriptions are made hereinafter on a method for 
deciding optimum communication priorities, and securing throughput and 
fairness among master/slave pairs, with reference to Fig. 6. 

[ 54 ] Each master/slave pair compares the priority values PI, P2, and P3 in 
the round-robin manner for every slot. For example, if data transmission 
priority falls on a master 40a/slave 2 40c pair in the round-robin manner, the 
comparison unit 47 compares a priority value P2 (=Pi) of the master 40a/slave 
2 40c pair with a maximum priority value PI (=Pmax) (S61 1). 

[ 55 ] If a priority value P2 of the current master 40a/slave 2 40c pair is 
smaller than the maximum priority value PI as a result of the comparison 
(S613), the communication priority decision unit 45 decides that a master 
40a/slave 1 40b pair, which has the maximum priority value PI, has the first 
opportunity for data transmission. 

[ 56 ] Therefore, the communication initiation unit 49 enables the master 40a 
and slave 1 40b to send and receive data with each other, and a queue status of 
the master 40a/slave 1 40b is changed. Accordingly, the queue status 
detection unit 41 changes a class parameter T1 (=Tmax) corresponding to the 
changed queue status of the master 40a/slave 1 40b pair (S615). 

[ 57 ] Further, the counter 43 decreases by 1 a value D1 (=Dmax) of the 
number of giving-away times of the master 40a/slave 1 40b pair initiating data 
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communications with the maximum priority value PI, and increases by 1 a 
value D2 (=Di) of the number of giving-away times of the master 40a/slave 2 
40c pair giving away the data communication opportunity (S617). 

[ 58 ] Next, the communication priority decision unit 45 updates the priority 
value PI (=Pmax) by using the decreased D1 and changed T1 of the master 
40a/slave 1 40b pair, and also updates the priority value P2 (=Pi) of the master 
40a/slave 2 40c pair by using the increased D2 of the master 40a/slave 2 40c 
pair (S619). 

[ 59 ] Meanwhile, if there is a master/slave pair, for example, the master 
40a/slave 1 40b pair that has the same priority value as the maximum priority 
value PI, and it is the master 40a/slave 1 40b pair’s turn to communicate, the 
communication priority decision unit 45 decides that the master 40a/slave 1 
40b pair takes the opportunity to communicate, and, accordingly, the 
communication initiation unit 49 enables the master 40a/slave 1 40b pair to 
communicate data (S621). Accordingly, the queue status detection unit 41 
changes the class parameter T1 (=Ti) corresponding to the changed queue 
status of the master 40a/slave 1 40b pair, and the communication priority 
decision unit 45 updates the priority value PI (=Pi) according to the changed 
parameter T1 (S623). 

[ 60 ] Thereafter, the master 40a performs the same operations as above with 
respect to subsequent packet communications (S631). 
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[61] A data transmission method securing better throughput and fairness 



can be obtained by deciding priorities among master/slave pairs with the 



above process. 

[62] In order to verify a proposed method of deciding priorities, computer 



simulations were carried out with respect to a piconet with one master and five 



slaves connected. Table 1 below shows data traffic of each master/slave pair. 



[Table 1] 
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[63] In Table 1, traffic was generated for master/slave pairs 1, 2, and 3 



through the poisson process (MP), and traffic was generated for master/slave 



pairs 4 and 5 through the two-state Markov Modulated Poisson Process 



(MMPP). Performance was evaluated with respect to throughput and fairness 



through the simulations, and, in order to evaluate the fairness through the 
number of substantial service times rather than the number of average polling 



times, the service was measured through variance between throughputs among 
master/slave pairs. 

[64] Two cases were assumed with respect to a class T. Simulations were 
carried out with respect to a first case where a weighted value difference was 
exponentially assigned for classes such as T = 16t, 8t, 4t, 2t, and 1, and a 
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second case where a weighted value difference was linearly assigned for 
classes such as T = 5t, 4t, 3t, 2t, and 1. 

[65] In these two cases, the changes of the class T according to data traffic 
generations for the respective master/slave pairs differently affected a priority 
value P. 

[ 01 ] First, Fig. 7A and Fig. 7B show simulation results for the case of 
exponentially assigning a weighted value difference for classes such as T = 
16t, 8t, 4t, 2t, and 1, especially. Fig. 7A shows a simulation result for 
throughput, and Fig. 7B shows a simulation result for variance. In here, the x 
axis denotes t, the y axis denotes a, and the z axis denotes the throughput and 
variance with respect to Fig. 7A and Fig. 7B. In general, the higher the 
throughput the better the performance, and the smaller the variance the better 
the performance. 

[67] Referring to Fig. 7A and Fig. 7B, when the classes were exponentially 
changed, the priority value rapidly responds to queue status changes since the 
priority value is greatly changed according to the change of link utilization 
frequency of each master/slave pair, but a delay parameter is not reflected 
much in a priority decision. Accordingly, when a weighted value difference is 
exponentially assigned for classes and the changes of the classes become 
large, the best performance for throughput and fairness is obtained at a = 0.6 
and t = 10. 

[ 01 ] Second, Fig. 8A and Fig. 8B show simulation results when a weighted 
value difference is linearly assigned for classes such as T = 5t, 4t, 3t, 2t, and 1. 
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Referring to Fig. 8 A and Fig. 8B, when the classes are linearly changed, the 
priority value does not respond sensitively to the queue status changes, but a 
delay parameter may have a relatively large influence on the priority value. 
Therefore, an optimum performance is obtained at relatively high values of t 
and a compared to the first case of the exponential difference. That is, the best 
performance, in the second case, is obtained with respect to throughput and 
fairness in case of a = 0.7 and t = 20. 

[69] Accordingly, the overall performance can be enhanced with an 
application of a proper a according to characteristics of every application. For 
example, a relatively small value a is set in case of a long polling interval, and 
a relatively large value a is set in case of a short polling interval, so that, by 
matching QoS parameters of a wireless communication system having the 
same polling interval with parameters of a proposed algorithm, it is possible to 
control the overall performance of a system. 

[70] The present invention, firstly, has an effect of preventing unnecessary 
transmission rate allocations occurring by uniformly allocating the same 
transmission rate to every master/slave pair in the round-robin manner. 
Secondly, the present invention can overcome the complexity of a scheme for 
restraining the entire performance and securing fairness due to a specific 
master/slave pair in the queue status dependent scheduling method. 

[71] While the invention has been shown and described with reference to a 
certain preferred embodiment thereof, it will be understood by those skilled in 
the art that various changes in form and details may be made therein without 
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departing from the spirit and scope of the invention as defined by the 
appended claims. 
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